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Chical and Echocardiographlc Data for the Three MIBG Groups 
Group Number Mean Mean Peak Mean Mean 
of Age Hunt-Hess Troponin I Initial Follow-up 
Patients (years) Score (“g/L) LVEF LVEF 
1 (Normal initial 4 5Oe5.16 2.521 3.5k5.69 0.59iO. 0.62t0.09 
and follow-up ) 08 
2 (Abnonal initial 3 57e10.6 3.67*0.58 1.87+1.25 0.52+0. 0.70+0.03 
with normal follow- 0 21 
“P) 
3 (Abnormal initial 3 51k12.4 4*0 8.07*13.2 0.37+0. 0.58*0.18 
and follow-up) 9 8 17 
Conclusion: Noninvasive imaging of experimental induced atherosclerotic plaques by 
radlolabeled MCP-1 is feasible and might be useful for detection of the extent of inflam- 
mation in advanced atherosclerotic plaques and identification of plaques vulnerable to 
rupture. 
4:15 p.m. 
835-2 Preferential Uptake of Radiolabeled Oxidation-Specific 
Antibodies in Lipid-Rich Versus Collagen-Rich Lesions: 
Implications for Noninvasive Imaging of Vulnerable 
Plaques 
Sotirios Tsimikae Michael Torzewski, Brian Shortal. Wulf Palinski, Joseph L. Witztum, 
University of California San Diego, La Jolla, CA 
1142-44 Prognostic Value of Myocardial Perfusion SPECT 
Comparing 17-Segment and PO-Segment Scoring 
Systems 
Daniel S. Berman, Xingping Kang, Aiden Abidov. lshac Cohen, Sean W. Hayes, John D. 
Friedman, Marii Sciammarella, Guldo Germane, Fatma Aboul-Enein, Rory 
Hachamovltch, Cedars-Sinai Medical Center, Los Angeles. CA 
Background: A 20-segment (seg), 5-point (O=normal, 4=absent uptake) scoring system 
has been widely used in semiquantitative visual interpretation of myocardial perfusion 
SPECT (MPS) and has played important role in risk stratification. However, the prognos- 
tic value of MPS by an optimally weighted 17-seg scoring system has not been explored. 
Method:We studied 15,579 consecutive patients (mean age 65*12. 41% females) who 
had exercise or vasodilator stress Tc-99m sestamibi MPS and were followed up (96%) 
for 25.4+9.2 months (patients revascularized GO days after MPS excluded). 17-seg 
scores were derived from 20-seg scores using an algorithm demonstrating excellent 
agreement between 20- and 17-seg models (Kappz0.87). Based on the summed stress 
scores (SSS) of the 20. and 17-seg models, % myocardium (myo) defect was calculated 
as SSS / rnax SSS (max SSS=80 for 20 segs, 68 for 17 segs). a variable correlating 
highly with quantitative analysis (F&0.93). Results: Dunng follow-up, 363 cardiac 
deaths (CD) and 616 hard events (HE: CD or Ml) occurred. The annual rates of events 
are shown in Table (*p<O.OOl across % myo; p=ns for 17. vs. 20.seg in all comparisons). 
The areas under the ROC curves by “sing 20.seg SSS and 17-seg SSS were identical 
for predicting HE (both 0.75iO.01, p=ns) and for predicting CD (both 0.77+0.02. p=ns). 
Conclusion: When assessed on the basis of % myo, semiquantitative visual interpreta- 
tions of myocardial perfusion SPECT by 17.seg and 20-sag scoring systems provide 
similar prognostic value. 
Background: Vulnerable plaques are enriched in lipids and macrophages (MB), but rela- 
tively deficient in collagen. Radiolabeled oxidation-specific antibodies (Ox-AB) targeting 
Oxidized LDL (OxLDL) in the lipid core may be particularly useful for non-invasive detec- 
tion of vulnerable plaques. Methods: ‘251-MDAz, a prototype Ox-AB. was intravenously 
injected in 19 Watanabe rabbits of various ages to assess uptake and binding in lipid-rich 
lesions. Plaque burden was assessed as % atherosclerotic surface area (% Athero) and 
aortic weight. Aortic plaque uptake of ‘251-MDA2, an index of in viva OxLDL content, was 
determined after 24 hours as % injected dose/gram aorlic tissue (%ID/g). Autoradiogra- 
phy was performed and correlated with immunocytochemistry for oxidation-specific 
epitopes, MB, smooth muscle cells (SMC) and collagen. Results: In 13/19 rabbits, aortic 
Sudan staining (neutral lipid) and autoradiographs (reflecting ‘*sl-MDA2 uptake) were 
nearly identical (S”dan=OxLDL), whereas 6119 rabbits lacked “q-MDA2 signal in some 
areas of Sudan positive lesions (SudawOxLDL). The SudantOxLDL group was older 
and had greater overall plaque burden (Table). Aortas of older rabbits had reduced “q- 
MDA2 uptake, OxLDL immunostaining and Ma, but increased SMCs and collagen. Con- 
clusion: Ox-AB preferentially accumulate in lipid-rich compared to collagen-rich athero- 
sclerotic lesions. These observations suggest that tagged Ox-AB may be useful in non- 
invasively imaging vulnerable plaques. 
Age (mo) 
% Athero Aortic weight (mg) 1251-MDA2 uptake 
S”dan=OxLDL 24 * 14 63i29 965 zt 408 0.07 * 0.03 
SudarwOxLDL 46 * 11 90 * 7 1720+452 0.03 * 0.01 
P-Value 0.006 0.04 0.002 0.005 
% myo ZO-seg CD I?-seg CD ZO-seg HE 17-seg HE 
<5% 0.4% (9985) 0.3% (9665) 0.7% (9985) 0.7% (9685) 
5-100/o 1 .O% (2285) 1 .O% (2073) 2.3% (2285) 2.0% (2073) 
11-150~ 2.3% (988) 1.7% (1225) 3.6% (988) 2.9% (1225) 
16.20% 2.4% (676) 2.7% (891) 3.5% (676) 4.3% (891) 
>20% 4.2% (1645) 4.0% (1705) 6.7% (1645) 6.3% (1705)’ 
4:30 p.m. 
835-3 “?C-Annexin V Imaging for Detection of 
Atherosclerotic Lesions in Porcine Coronary Artery 
Lvnne L. Johnson, Navneet Narula, Lorraine Schofield, Leonard Chaves, Jaget Nan& 
Rhode Island Hospital/Brown University, Providence, RI, University of Pennsylvania, 
Philadelphia, PA 
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835-1 Imaging Inflammation in Atherosclerotic Lesions by 
Radiolabeled Chemotactic Peptide: Would Identification 
of Vulnerable Plaques Become Feasible? 
Artiom Petrov, Dagmar Hartung. Frank Kolodgie, Navneet Narula, Nezam Haider, 
Andrew Kohut, Renu Virmani, Jagat Narula, Drexel University College of Mediane. 
Philadelphia, PA, Armed Forces Institute of Pathology, Washington, DC 
Background: Chamokines play a key role in the inflammatory process of atherosclero- 
sis. Monocyte Chemoattractant Protein-l (MCP-l), produced at the site of inflammation, 
is known to mediate the transendothelial migration of mononuclear cells via CC&P 
receptors. Since atherosclerotic plaques which are prone to rupture and are precursors 
of acute coronary events harbor sigmficant macrophage infiltration, we propose that the 
detection of high concentration of CCR-2 receptors (exclusively expressed by the infiltrat- 
ing cells) should noninvasivefy determine vulnerable plaques. 
Methods Tc-99m MCP-1 was injected in 7 NZW rabbits with experimental induced ath- 
erosclerotic lesions and in 5 unmanipulated control rabbits. Atherosclerotic plaques were 
induced by deendothelialization of the infradiaphragmatic abdominal aorta followed by 
hyperlipidemic diet (0.5% cholesterol+6% peanut oil) for 16 weeks. Control rabbits were 
fed normal chow for 16 weeks. After Tc-99m MCP-1 administration iv, gamma images 
were obtained until 3H. 
Results: Atherosclerotic lesions were clearly visible in all treated animals at 3H. No 
tracer uptake was seen in the corresponding regions of the control rabbits. Mean 
%injected dose/g MCP-I uptake in atherosclerotic lesions was 4 times higher than in the 
corresponding regions of the control rabbits (0.065+/-0.005 versus 0.016+/-0.006; 
PcO.05). Histology confirmed a strong correlation between Tc-99m MCP-1 uptake and 
number of macrophages in AHA type II to IV lesion. 
Background: Apoptosis is an important constituent of unstable atherosclerotic plaques. 
Whereas apoptosis of smooth muscle cells leads to attenuation of the fibrous cap, apop- 
tosis of macrophages results in enlargement of necrotic core and plaque instability. 
Imaging apoptosis may allow noninvasive detection of vulnerable plaques. 
Methods: To produce a model of coronary atherosclerosis 3 farm pigs underwent vascu- 
lar injury to the RCA and LAD followed by high fat diet. After average of 47 days, the ani- 
mals underwent coronary angiography. were injected with 8-10 mCi of Tc-99m annexin 
V, had blood samples drawn for blood pool clearance and underwent SPECT imaging 3 
hr after injection. The animals were sacrificed, the hearts removed, imaged by SPECT 
ex-viva and the vessels counted and hlstopathology performed. 
Results: By 50 min after injection the blood pool had cleared to 10% of peak. TWO of the 
6 vessels were injured by wire abrasion of endothelium and were normal by pathology. 
Two vessels had AHA type II lesions and 2 had AHA type Ill lesions. Focal uptake was 
seen on SPECT reconstructlons of in-viva images in 3 vessels and ex-viva in 4. Average 
ratios of ctslgm for injured vs control (LCX) were 1.03 for normal vessels, 1.7 for type II 
injury, and 2.2 for type Ill. Macrophage infiltration was prominent in type III lesions. In one 
experiment focal uptake of annexin V was also seen in the myocardwm corresponding to 
area of myocardial necrosis. 
Conclusions: These preliminary studies suggest that Tc-99m annexin may be a non- 
invawe method to identify vascular plaque apoptosis. 
4:45 p.m. 
835-4 Abrogation of Apoptosis in Atherosclerotic Plaques: 
Feasibility of Noninvasivq Detection by Radionuclide 
Imaging With Annexin-V 
Daamar Hartunq Artiom Petrov. Frank Kolodgie, Navneet Narula. Andrew Kohut, Nezam 
Haider, Herman K. Gold, Renu Virmani, Jagat Narula, Drexel University College of 
Medicine, Philadelphia, PA, Armed Forces Institute of Pathology, Washington, DC 
Background: Apoptosis occurs commonly in advanced atherosclerotic plaques and 
potentially contributes to plaque vulnerability and rupture. Specifically, apoptosis of mac- 
rophages adds to enlarging lipid cores in vulnerable plaque and overwhelming apoptosis 
is associated with the site of fibrous cap rupture. It is logical to hypothesize that preven- 
tion of apoptosis in advanced atherosclerosis may be of benefit. 
Methods: Since Annexin-V has a high affinity for exposed phosphatidylserine on apop- 
totic cell surfaces, we used radiolabeled Annexin-V for noninvasive imaging of athero- 
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sclerotic lesions to determine the extent of apoptosis. Experimental atherosclerosis was 
induced by abdominal aorta deendothelialization followed by hyperlipidemic diet (HD) 
(.5% cholesterol+6% peanut oil) in 22 NZW rabbits. 5 unmanipulated rabbits, fed normal 
chow (NC), were used as controls. Animals were randomized as below: Gr.1 (n=5) NC 4 
mo; Gr.2 (n=5) HD 4 mo; Gr.3 (n=6) HD 3 mo+NC 1 mo; Gr.4 (n=7) HD 4 mo+ Simvasta- 
tin (po lmg/kg/day) last mo; Gr.5 (n=4) HD 4 mo+ ZVAD-fmk (polycaspase-inhibitor, iv 1 
mglkg) 6 and 1 H before imaging on last day. After Tc-99m Annexin-V admlnistration iv, 
gamma images were obtained until 3 H. 
Results: Atherosclerotic lesions were best visible in Gr.2; mean % injected dose/g 
Annexin uptake was significantly hlgher an Gr.2 compared to other groups (Gr.2: 0.050+/- 
0.009; Gr.3: 0.030+/-0.006: Gr.4: 0.029+/-0.007; Gr.5: 0.022+/-0.006; Gr.1: 0.006+/- 
0.001; P<O.O5). Quantitative Annexin uptake in atherosclerotic lesions decreased most in 
rabbits treated with ZVAD-fmk. Histopathologic charactenzation revealed increasing % 
Annexin uptake, and proportionally increasing macrophage apoptosis and number of 
macrophages in AHA type II to IV lesions. Simultaneously injected biotinylated Annexin 
uptake was traced predominantly to apoptotic macrophages. 
Conclusion: Broad -based caspase inhibitor reduces incidence of apoptosis in experi- 
mentally induced atherosclerotic lesions, even moreso than diet interruption and statin 
therapy. It is expected that abrogation of apoptosis may lead to plaque stabilization. 
of cardiac cell transplantion. Further validation and refinement of the approach described 
may lead to wider research and clinical application. 
5:oo p.m. 
835-5 Prolonged but Reversible Sarcolemmal Phosphatidyl 
Serine Expression in Myocardial lschemia Represents 
Ischemic Memory and Can Be Noninvasively Detected 
by Radiolabeled Annexin-V Imaging 
POSTER SESSION 
1165 Doppler Hemodynamics: New Insights 
Tuesday, April 01, 2003, 9:00 a.m.-l 1:00 a.m. 
McCormick Place, Hall A 
Presentation Hour: 1O:OO a.m.-l I:00 a.m. 
Leo Hofstra, Ewald Dumont, Artlom Petrov, Navneet Narula, Nezam Haider, Chris 
Reutelingsperger, Jaaat Narula, Drexel University School of Medicine, Philadelphia, PA, 
Cardiovascular Research Institute, Maastricht, The Netherlands 
1165-31 Doppler Gradient Estimations Across Tunnel 
Obstructions: An In Vitro Study Including Flow 
Visualization 
FiaDhael Rosenhek, Julia Mascherbauer, Leopold Huber, Heinrich Schima, Gerald 
Maurer, Helmut Baumgariner, University of Vienna. Vienna, Austna 
Phosphatidyl serme (PS) is restrictively distributed to the inner leaflet of the sarcolemmal 
lipid bilayer in normal myocytes but gets externalized during apoptosis. Since apoptosis 
occurs commonly in ischemic stress and Annexin-V selectively targets exteriorized PS. 
we hypothesized that myocardial ischemia should be noninvasively detectable by radio- 
nuclide gamma imaging. 
Severe myccardial ischemia was produced in 6 NZW rabbits by LCX coronary artety 
ecclusion for 10 min followed by 30 min reperiusion. 99mTc-Annexin-V (-10 mCi) was 
injected intravenously and animals were sacrificed at 3H. Ex viva imaging demonstrated 
significant Annexin uptake in ischemic zone. Maximum percent injected dose per gram 
was 0.27+/-0.16 in ischemic. compared to 0.03+/-0.01% in normal myocardium (ratio 9+1 
-3). However, histopathologic and histochemical analysis did not reveal apoptosis or 
necrosis, and ultracentrifugal isolation of subcellular components of ischemic myocar- 
dium from cell membrane revealed that 53+/-6% radioactivity had been internalized. pos- 
sibly due to translocation of PS back to inner sarcolemmal leaflet upon reperfusion. TO 
further characterize the reversibility of PS expression, we subjected mouse hearts to to 
5.min ischemia. and allowed repetfusion for 0.5, 1, 1.5, 3, 6 and 24H and injected biotiny- 
lated Annexin-V 10 min before sacrifice. PS expression persisted for 6H. Internalization 
was traced to cytoplasm, mitochondria, and nucleus. These data indicate that persistent 
but reversible PS expression in ischemic myocardium offers an ischemic memory win- 
dow for at least 6H. Nonlnvasive targeting of molecular alterations during severe 
Ischemia, such as transient PS expression, should lead to development of newer hot 
spot imaging strategies, and after-the-fact recognition may provide novel means to differ- 
entiate cardiac from noncardiac origin of chest pain. 
Background: UnderestImation of pressure gradients across tunnel obstructions by Dop- 
pler (Do) as well as marked overestimation have been observed. The latler was found in 
tunnels as short as 5 mm and in settings where relevant pressure recovery distal to the 
obstruction could be excluded. 
Methods: To define mechanisms that determine the Do catheter gradient relation in this 
setting, tunnels (L = 20 mm, 0 = 5.5 mm) with gradually tapering inlet and/or outlet (20”) 
or with abrupt narrowing and/or expansion were studied in a pulsatile flow model. DO and 
catheter measurements were simultaneously performed. Catheter gradients were esti- 
mated with the distal pressure port either at the tunnel entrance (dp Cl), at the tunnel exit 
(dp C2) or 10 cm downstream (dp C3). Flow was visualized with a Laser system and 
recorded with a high-speed video camera. 
Results: Doppler gradients (dp Do) showed excellent agreement with dp Cl in all settings 
(mean diff. 0.6+/-2.4 mmHg). In tunnels with abrupt narrowing, dp Do overestimated dp 
C2 by 54+/-19%. Flow visualization demonstrated that this dramatic change in lateral 
pressure within the tunnel was caused by marked flow contraction at the tunnel entrance 
resulting in a high velocity and low pressure field followed by readaption of the flow to the 
full cross-sectlon with only little turbulence resulting in significant pressure recovery 
wlthin the tunnel itself. 
515 p.m. 
835-6 Positron Emission Tomography Imaging of Cellular 
Cardiomyoplasty 
Joseph C. Wq Ian Y. Chen, Abhijit De, Jung-Joon Min, Gobalakrishnan Sundaresan, 
Jian-Hua Qiao, Michael C. Fishbein. Sanjiv S. Gambhir. UCLA School of Medicine, Los 
Angeles. CA 
In contrast, in tunnels with gradually tapering inlet, dp Do underestimated dp C2 by 6+1- 
2%. In this setting, flow contraction was totally avoided and the negleCtIon of viscous 
resistance in the simplified Bernoulli equation caused this Doppler - catheter gradient 
discrepancy. Due to various extent of distal pressure recovery, dp C3 was 30+/-7% lower 
than dp C2 in tunnels with gradually tapering outlet but only 9+/-l% lower in abruptly 
expanding tunnels. 
Conclusion: The Doppler-catheter gradlent relation I” tunnel obstructions IS determined 
by the individual extent of flow contraction with pressure recovery within the tunnel, vis- 
cous resistance, and pressure recovery distal to the tunnel. Depending on inlet and outlet 
geometry. tunnel length, and diameter, overestimation as well as underestimation by Do 
may occur. 
Background: Cell transplantation is actively investigated as potential treatment for end- 
stage head failure. However, traditional methods of determining engraftment rely on 
postmoltem analysis. Development of an imaging technique to quantify, localize, and 
optimize transplant protocols would be beneficial. Methods: 1) Cell Culture: Rat cardi- 
omyoblast cell line (H9C2) was transfer&d with Ad-CMV-HSVl-sr39tk to assess expres- 
sion level of a PET reporter gene (mutant viral thymidine kinase (sr39tk)). 2) In Viva 
Transfected myoblasts (3x10”6) wsrs injected into anterolateral wall of nude rats (n=5) 
via thoracotomy. Control rats (n=3) received myoblasts expressing firefly luciferase. 
MicroPET imaging on living rats was performed on days 2 and 5 using tracer for viral thy- 
midine ktnase enzyme ([‘sF]-FHBG). Results: 1) Transfected myoblasts yield robust 
sr39tk activity: 3x10”6 myoblasts (4.42+1.79), 2x10”6 (3.92*1.26), and lxlo”6 
(1.66i0.26 % conversionlug proteinlmin) versus control (0.02*0.01). 2) MicroPET 
images show [‘*F]-FHBG uptake by transplanted myoblasts at anterolateral wall on day 
2 (0.046+0.006) and day 5 (0.038iO.013 %ID/g) versus control (0.019~0.002) (~~0.05). 
lmmunohistochemistry and autoradiography confirm presence of transplanted myo- 
blasts. Conclusion: This is the first proof-of-concept study on noninvasive PET imaging 
1165-32 Degree of Pulmonary Hypertension Predicts the 
Severity of Functional Tricuspid Regurgitation: New 
Findings Based on Invasive Measurements of 
Pulmonary Artery Pressure 
Sachin M. Navare, Carol Y. Gemayel, Cynthia Taub, Ahmad Habboub, Linda D. Gillam, 
Hartford Hospital, Hariford, CT 
Background: Functional tricuspid regurgitation (FTR) is a common clinically important 
complication of left-aded heart disease. While prior studies have linked FTR to tricuspid 
annular dilation, there is little informatlon concerning the impoltance of pulmonary artery 
presSwe (PAP) in this setting. The only previous study of this issue showed no significant 
association between PAP and FTR. However PAP was measured using a Doppler 
method since shown to be inaccurate in the setting of severs TR. (PAP = 4[TR jet veloc- 
iky I’+ 10 mm Hg). Methods:To revisit this issue using more robust methods, we simul- 
taneously measured PAP (Swan-Ganz catheter) and quantitated the severity of FTR 
echocardiographically. The study group consisted of 14 pts with FTR complicating mitral 
valve disease. As previously reported, FTR was defined by presence of apical tethering 
or incomplete closure of a structurally normal valve. FTR was quantified using proximal 
isovelocity surface area based methods yielding values for effective regurgitant orifice 
and regurgitant volume (reader blinded to the PAP). Results: There was a strong linear 
correlation between the measured mean pulmonary artery pressure and the severity of 
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